Rag-dependent and Rag-independent mechanisms of Notch1 rearrangement in thymic lymphomas of Atm(-/-) and scid mice.
The pathways of thymic lymphomagenesis are classified as Rag-dependent or -independent according to their dependence on recombination-activating gene (Rag1/2) proteins. The role of the two-lymphoma pathways in oncogene rearrangements and the connection between lymphoma pathways and rearrangement mechanisms, however, remain obscure. We compared the incidence and latency of thymic lymphomas, and associated rearrangements of the representative oncogene Notch1 among Rag2(-/-), ataxia telangiectasia mutated (Atm)(-/-), and severe combined immune deficiency (scid) mice combined with Rag2 deficiency. Contrary to expectations, Rag2(-/-) mice were prone to thymic lymphoma development, suggesting the existence of a Rag2-independent lymphoma pathway in Rag2(-/-) mice. The lymphoma incidence in Rag2(-/-)Atm(-/-) mice was lower than that in Atm(-/-) mice, but higher than that in Rag2(-/-) mice, indicating that Atm(-/-) mice develop lymphomas through both pathways. Scid mice developed lymphomas with an incidence and latency similar to Rag2(-/-)scid mice, suggesting that Rag2-mediated V(D)J recombination-driven events are not necessarily required for lymphomagenesis in scid mice. Notch1 rearrangement mechanisms were classified as Rag2-dependent or Rag2-independent based on the presence of recombination signal-like sequences at rearranged sites. In Rag2(-/-) lymphomas, Notch1 must be rearranged independently of Rag2 function, implying that Rag2(-/-) mice are susceptible to lymphomagenesis due to the presence of other rearrangement mechanisms. The results in Atm(-/-) mice suggest that Notch1 was rearranged through both lymphoma pathways. In scid mice, the frequency of Rag2-mediated rearrangements was relatively low compared with that in wild-type mice, suggesting that the Rag2-independent lymphoma pathway prevails in the development of thymic lymphomas in scid mice. Thus, two rearrangement mechanisms underlie the lymphoma pathways and constitute the mechanistic bases for lymphomagenesis, thereby providing the molecular criteria for distinguishing between Rag2-dependent and Rag2-independent lymphoma pathways.